INTRODUCTION
In 1987, the U.S. Geological Survey (USGS) began a pilot study in Boston Harbor and Massachusetts Bay. The long-term objective of this study is to understand the processes controlling the transport and deposition of sediments and their associated contaminants.
Components of the pilot study included geologic mapping in Boston Harbor, circulation and sediment transport studies in western Massachusetts Bay, and studies of the geochemistry of the bottom sediments and the rate of sediment accumulation and mixing as indicated by the depth profiles of 14 C and 210Pb in sediment cores (Bothner and others, 1988; Butman and Fry, 1990; Knebel and others,1989; Rendigs and Oldale, 1990) .
A cooperative agreement between USGS and MWRA extends and expands the previous work conducted by the USGS. The new study has an initial geographic focus in the area proposed for the outfall and an additional effort at the entrance to Boston Harbor.
The study gains regional, bay-wide perspective through coordination with research sponsored by the Massachusetts Bays Management Committee and other state and federal agencies working in the Boston Harbor/Massachusetts/Cape Cod Bays area.
STUDY COMPONENTS A. Long-term monitoring and sediment characterization
The USGS has established and will maintain a long-term monitoring station in western Massachusetts Bay (Figure 1 ) near the location of the new ocean outfall for at least two years to measure currents, suspended sediment concentration, temperature, and salinity. Long-term measurements are essential to assess the seasonal and annual variability of sediment movement and to quantify the transport processes during and between infrequent catastrophic events, such as storms. The observations characterize the physical processes that transport particles at the outfall site in western Massachusetts Bay and provide important supporting information for the design and interpretation of other physical, chemical, and biological studies.
Instruments on subsurface moorings and on a tripod at the sea floor make continuous current and sedimenttransport measurements as well as collect suspended sediments for chemical analysis. Samples collected with this instrumentation before discharge from the new ocean outfall begins will provide a basis for assessing changes in the chemical and physical character of the mobile sediments once the outfall is operational.
Current speed and direction, conductivity, temperature, and light transmission are measured at two depths in the water column (about 6 m from the surface and 10 m above the bottom, in water depth of about 30 m). The mooring design is shown in Figure 2 .
The bottom tripod system measures these same parameters plus bottom pressure (waves), and obtains time-series photographs of the sea floor about once every 6 hours during a 6-month deployment to document changes in the bottom microtopography in response to physical forcing (Butman and Folger, 1979; Butman, 1987) Vector Measuring Current Meters (VMCM) to avoid aliasing of the measurements by waves. Transmission and salinity measurements in the water column will be made with Sea Bird SEACAT data loggers, employing a Sea Bird Inc. conductivity cell and a Sea Tech. Inc. LED transmissometer. The Savonius rotor-and-vane current sensors on one USGS bottom-tripod system will be changed to either electromagnetic or acoustic sensors during the first year of the program in order to eliminate the potential effect of surface waves on bottom-current measurements. This modified system will be used for the winter deployment during the second year. At least one additional system will require modification in subsequent years of the program so that upgraded systems can be deployed yearround. Near-bottom measurements made with the unmodified system will be corrected using data from the VMCM on the adjacent mooring 10 m above the bottom. This correction will only be necessary during periods of large surface waves, which will be easily identified by the bottom pressure measurements.
Samples of suspended sediments will be collected periodically during the deployment period by means of a 18-port filtration instrument. This instrument is linked to a transmissometer that commands the collection of some samples during periods of anomalously high suspended-sediment concentration (i.e. , during storms).
The 18 suspended-sediment samples will be used to calibrate the continuous record of light transmission, which is known to be sensitive to both the concentration, composition, and grain size of particulates (Moody and others, 1987) .
Analyses will provide data on the concentration, size, and chemical composition of material in suspension during major storm events, when most of the sediment transport presumably occurs.
Sediment traps are used to collect larger amounts of suspended sediments for analyses of organic and heavy metal contaminants, spores of Clostridium perfringens. radioisotopes ( 210Pb, and 239 . 240pu) f and grain size. These traps will be placed at mid-depth and near the bottom. The deeper trap mechanically separates samples into different time intervals throughout the deployment in order to define the variability in the relative flux and composition of material entering the trap. This information will complement that obtained with the filtration/ transmissometer system by providing large samples of suspended matter delivered during storm and non-storm periods.
Samples of bottom sediment will be collected from areas of fine grained sediment at the time of each instrument deployment/recovery in order to monitor the composition and physical characteristics of material at the water/sediment interface over time and to compare these temporal changes with those measured in suspended matter. A modified Van Veen grab sampler or a hydraulically damped gravity corer, designed specifically to collect material at the water/sediment interface without disturbance, will be used for sample collection.
Careful collection and analysis of the surface (to a depth of up to 1 cm) will test the hypothesis that fine-grained sediments, rich in organic matter, accumulate on the bottom during quiet periods of the year and are resuspended and transported to other areas during major storms.
B. Sea-floor mapping and bottom characterization From April 2-11, 1989, the USGS conducted a detailed survey of the seafloor in a 5 by 4 nautical mile area in western Massachusetts Bay that includes the proposed site for the ocean outfall. Ship time was provided by the Environmental Protection Agency on the Ocean Survey Vessel Anderson. The primary objective of the cruise was to acquire complete sidescan-sonar coverage (150-m line spacing) as well as to collect bathymetric and high-resolution, seismicreflection data. The sidescan-sonar data were used to infer the location, type, and extent of the different sediments within the survey area since these are known to have a patchy distribution in the region. The interpretations of the sidescan-sonar images were confirmed during the second phase of the cruise by photography and sampling of the bottom sediments at specific targets. Precise navigation for this survey was provided by means of a shore-based microwave system. The digital sidescan data will be processed to produce a digital mosaic of the seafloor.
C. Long-term rates of sedimentary processes and contaminant inventories USGS will analyze sediment cores (undisturbed hydraulically damped gravity cores and conventional gravity cores) from the mooring location and from other areas of fine-grained sediment mapped in the detailed survey area around the proposed outfall location and from Stellwagen Basin. In each of four locations we will determine the depth profiles of texture, geotechnical properties, organic carbon, 210Pb, ( 234Th in suitably fresh samples), 239 . 2*°pu> 14c, and trace metals. Analytical methods and scope of work are described in Appendix B to the Joint Funding Agreement between USGS and MWRA. Splits of samples collected for organic contaminants will be made available to other contractors or Federal/State Laboratories as required. Suitable cores for some of these measurements were collected on the April '89 cruise aboard the O.S.V. Anderson. Additional cores will be taken at the time of mooring deployments.
The objectives of this work are to estimate: * The depth to which sediments are mixed by biological and/or physical processes * The rates of sediment mixing and/or accumulation * The relative potential of sediments at these sampling locations to accumulate contaminants * The concentrations of metal contaminants in subsurface sediments and to characterize the physical and geotechnical properties of sediments with depth in sites of active contaminant deposition
This work extends part of a previous study (MWRA Contract 5526A) by USGS and Battelle Labs (Wade et al., 1989) . Only four sediment cores were analyzed for contaminant and isotope profiles under this earlier study, and they were not collected in areas of fine sediment near the proposed outfall.
The new information provided by our recent sidescan-sonar survey now makes it possible to map and sample these fine-grained areas, which are most likely to have the highest predischarge contaminant concentrations and the highest potential for accumulating contaminants introduced by the outfall.
D. Harbor-Bay Exchange
A critical problem in determining the flushing of Boston Harbor is the lack of an accurate evaluation of the net exchange of material through the harbor entrance. This exchange is intimately related to the flow characteristics of the area, influenced by the nonlinear tidal effects in a mixing region on both sides of the harbor entrance. Because of the complex geometry of the entrance and the nearby islands, much of the exchange will result chiefly from ebb/flood asymmetry combined with rapid spatial variation in the tidal flow imposed by the constriction. Conceptually, on the ebb tide, the high velocity of water leaving the harbor causes a jet of harbor water to penetrate the bay water. On the subsequent flood tide, however, the flow is more uniformly drawn from all directions toward the harbor entrance, with the result that some of the harbor water contained in the ebb jet remains in the bay after a complete tidal cycle.
A numerical study will be conducted to examine the exchange of water between Boston Harbor and western Massachusetts Bay.
The work utilizes mathematical models and software already developed (Signell, 1989) The USGS will provide annual Open-file Reports that will contain tabulations of the data, maps, and preliminary interpretations. Results will be subsequently published in summary form in the reviewed literature. All data will be transferred in a digital format compatible with the data management protocol used by the MWRA. The schedule of work described in this report is summarized in Table 1 .
The specific topics to be addressed in the reports for this project are as follows:
1. Mean current and seasonal variability.
2. Current fluctuations associated with tides, storms, river runoff, and internal waves and integration of these observations with the basin-wide measurements to be made by other investigators.
3. Frequency and magnitude of sediment resuspension and transport and the processes causing sediment transport.
4. Physical and chemical characterization of the particles in suspension, and the variability in these characteristics in response to seasonal biological cycles and the forces causing sediment transport. Information on the seasonal biological activity will be obtained from the literature or from studies conducted by MWRA or the Massachusetts Bays Management Committee.
5. Physical and chemical characterization of the bottom sediment and the variability in response to seasonal biological cycles and the forces causing sediment transport.
6. Items 4 and 5 above provide a time series of analyses that will address the question of changes in contaminant levels in sediments as the outfall becomes operational. An aliquot of representative samples will be archived frozen.
7. Sidescan mosaic of the bottom in the vicinity of the ocean outfall and characterization of the bottom morphology and texture based on a combination of sidescan images, sampling, and bottom photography.
8. Estimates of the rates of sediment mixing and(or) sediment accumulation in fine-grained deposits and estimates of the potential for pollutant accumulation based on inventories of contaminants and sediment reactive radioisotopes. This will build on the previous work at four locations in western Mass Bay (Wade and others, 1989).
9. Estimates of the tidally-induced Lagrangian transport in the vicinity of the mouth of Boston Harbor and estimates of the exchange of water and suspended particles caused by this transport.
Comparisons of model predictions to previous field data in the harbor and to future measurements of the type proposed by W. Geyer (WHOI). The bottom tripod measures the following variables: current speed and direction, pressure (a function of surface waves), temperature, conductivity, and light transmission. These measurements are taken every 7.5 minutes.
Still photographs are taken of the seafloor once every 6 hours throughout the deployment. The bottom tripod also carried four sediment traps (tube type) and a suspended sediment sampler described below under Element A2.
Vector measuring current meters (VMCM) were deployed at about 20 m depth and within 6 m of the surface. A SEACAT instrument package was attached to the VMCM to measure temperature, conductivity and light transmission.
Recovery and redeployment of this array of instruments is scheduled for approximately March 27, 1990. Element A2. Suspended sediment characterization Suspended sediment will be collected from the tripod by means of an 18 sample filtration system that responds on the basis of both time and light transmission. In the absence of resuspension events, caused by major storms, samples will be taken at regular time intervals. Storm events are recognized when the transmissometer signal, averaged over 4 hours, exceeds a threshold voltage that we determined from data collected in the winter of 1987. When the software controlling the sampler measures the threshold voltage, a sample is taken. A delay of 18 hrs is imposed before another sample is taken.
A more involved control program, one that collects samples during different stages of a storm, is being written and tested for the next deployment.
Three types of sediment traps were deployed on the moorings in order to collect larger samples of suspended material than are collected with the filtration system.
The most sophisticated trap, placed at the bottom of the subsurface mooring, separates the material into 13 individual sample bottles at evenly spaced time intervals (8.5 days) throughout the deployment. The differences in chemical and physical characteristics of suspended matter collected in sequential sample bottles will be related to the frequency and intensity of storms and to changes in primary production (as determined by others).
A second trap type, placed at a depth of 16 m on the subsurface mooring, 10 is designed to funnel all material into a single long tube. Differences in texture of material entering the trap during the deployment can be identified as discrete bands on bulk x-rays of the sample tube. The spacing and relative intensity of x-ray banding will give an indication of composition of suspended matter and the frequency of resuspension.
Seven tube-type sediment traps were attached to the tripod and the subsurface mooring. Samples from these traps will give us an indication of the effectiveness of the sodium azide preservative used in the primary traps.
Element B. Seafloor mapping and bottom characterization
The bathymetric and sidescan interpretive maps of the 5X4 nautical mile area surrounding the proposed outfall sites in Massachusetts Bay have been completed at a scale of 1"=1000'.
Page sized reductions of these maps are presented as Figures 3, 4 , and 5. Positions of camera transects and sediment samples are presented in Figures 6 and 7 . Tables of textural data (Table 2 and 3) and descriptions of video coverage (Appendix Table 1 ) are also included. The texture and video coverage are in excellent agreement with respect to sediment characterization and support the interpretation of sidescan sonar images.
Draft copies of a larger scale bathymetric map and a digital sidescan mosaic of the area containing both options for the diffuser were delivered to MWRA in draft form on December 15, 1989. The scale of these maps are 1"= 486'.
The map produced from the acoustic images of the seafloor and from textural/photographic data defines areas of boulders, rippled sand, and finegrained sediments where contaminants added to coastal waters are most likely to accumulate. Knowledge of the distribution of sediment types is critical to the design of future environmental studies in this region. The map has also been of use in evaluating potential sites for the outfall of Boston's treated sewage effluent.
The maps show the spatial variability in the seafloor in more detail than previously available in this region. Bathymetric highs are probably drumlins and are typically armored by glacially-derived gravel and boulders. This presumed glacial drift can often be traced as a strong reflector under the adjacent depressions using seismic reflection profiling. Some of the depressions (5 within the study area, the largest about 1 km in diameter) have sediments that contain as much as 60 % silt and 15 % clay. Well-developed mega-ripples in well-sorted sand exist in small localized patches representing less than 5 % of the survey area. The crests of these ripples are oriented north-south and spaced 2-3 meters apart. Ripple amplitudes (crest to trough) were not measured but are estimated to be a maximum of 60 cm on the basis of reports in the literature. The mega-ripples are probably generated and maintained by oscillatory currents from large swells from the east or northeast. The most common sediment type, typically found between topographic highs and lows, is a poorly sorted sand which contains variable amounts of gravel and fines, and is characterized by high reflectivity in the sidescan sonar images. Trawl marks are obvious in the area of diffuser option 2. It is not clear whether this area of the seafloor is more extensively fished than other areas or whether the sediment type in this area is better suited to record the marks generated by the fishing gear.
One interesting discovery made while analyzing the sidescan sonar data was the presence of a shipwreck in the north central section of the survey area. The position of the shipwreck is 42° 25.97' N, 70° 48.00' W in 135 feet of water. The Loran C positions are approximately 13933.14 (W), 44296.43 (Y). We have not found earlier reference to shipwrecks at this position so the identity is unknown. The shape of the wreck on the sonograph suggests that it might be a barge approximately 100 feet in length.
Element C. Lone-term rate of sedimentary processes and contaminant inventories Sediment cores collected during the cruise aboard the ANDERSON in April, 1989 are being analyzed for rates of sediment mixing and accumulation as well as for texture and heavy metal concentrations. X-ray, textural analyses, and most of the 210Pb counting have been completed. Analysis of heavy metals and geotechnical properties have just begun. Second counts, required for 23ATh, and submission of samples for 239 -2A°pu and 14c, will occur in February.
During the deployment cruise on December 5, 1989, sediment samples were collected at two locations of fine-grained sediment within the area surveyed using the ANDERSON. A sub-core from a grab sample collected from each of the two locations has been sectioned at one-half cm intervals. The first counting for 23ATh and 210Pb has been completed to a depth of 4 cm. The remaining core and the second counts for 23ATh will be completed in March. Sample preparation is underway for textural, organic carbon and metal analyses. Work continues on testing sensitivity of model current predictions in response to varying bottom friction representation, island configuration, and the location of the open boundaries. After the current field has been further verified by comparison with moored current observations, particle tracking experiments will be conducted to quantify the exchange between Boston Harbor and Massachusetts Bay induced by these currents. The sediient is lediui to coarse sand with gravel and :
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fragients. 
